A 2-year (2001 and 2002) organic soybean [Glycine max (L.) Merr.] study evaluated the contributions of row width (narrow 8-inch and wide 30-inch), mechanical weed control equipment (rotary hoe and cultivator), cultivation frequency (1 to 3 passes with one or both implements), and cultivation timing (early, late, or sequential) to annual broadleaf and grass weed control and grain yield. Narrow row (NR) systems reduced the timeframe available for cultivation compared to wide rows (WR) due to quicker canopy closure. A rotary hoe (RH) was equally or less effective in controlling weeds compared to a cultivator. Weed control was similar for early or late RH treatments, and early or late cultivator treatments. Yield did not differ among treatments in 2001. In 2002, the highest yields were achieved in WR with sequential 1 RH, 2 cultivator passes (54 bu/acre) compared to NR, 1 or 2 RH treatments (27 to 33 bu/acre). WR systems provide greater flexibility in cultivation equipment and timing, and may provide greater yield stability than NR systems.
Introduction
Exponential increases in organic food sales, increased demand for soy foods due to substantiated health benefits, uniform national organic certification standards, and new and emerging markets are all positive reasons for transitioning some soybean acreage to organic production. Despite these motivating market factors, farmers state that their greatest hesitancy in transitioning to and organically managing crops is weed control. In a national survey, weed control methods were identified as the top information requirement for organic production and the second most common focus of farmers' own on-farm research activities (10) .
Organic production requires a complex management system. Various weed control methods can be used including mechanical cultivation (3, 6, 7) ; flame weeding and crop rotations (4); companion crops (9) ; cover crops (1, 5, 11) ; and other cultural, mechanical, and biological methods. However, replicated research on mechanical weed control effectiveness in certified organic production systems is limited. Such research is essential to aid growers in evaluating and adopting various components of an organic production system. To that end, combinations of cultural and mechanical weed control practices need to be investigated to identify practical and effective weed control methods in soybean under organic production methods. A study was conducted to determine the contributions of row width, cultivation equipment type, and cultivation frequency and timing to annual broadleaf and grass weed control and soybean grain yield.
Field Study Design and Analysis
A The study included 11 treatments to evaluate the effects of row width, cultivation equipment type, timing, frequency, and sequence on annual weed control ( Table 1) . Mechanical weed control passes were performed with a Kewanne 470 solid-set rotary hoe (RH) (Chromalloy American Corp., Kewanne, IL) or a Buffalo cultivator (Fleischer Manufacturing Inc., Columbus, NE). Most management guides recommend the use of a RH within 5 to 14 days after planting in order to control germinating weed seeds in the "white root" stage as well as to control germinating seedlings through uprooting and desiccation. In our study, a RH was used 12 to 13 days after planting, with sequential RH 4 to 9 days later. Weed seedlings growth stages ranged from white root to an emerged shoot, and from cotyledons showing to formation of the first true leaves. These treatments were used to simulate a "real world" scenario that growers often face with delays due to time, weather, or equipment failure. A cultivator was used alone or in combination with a RH 22 to 35 days after planting. Variations in treatment cultivation timing across years occurred due to planting date, weather, and soil conditions. Weed control data for annual grasses and broadleaves were collected August 2, 2001 and July 12, 2002, approximately 5 weeks after planting. Control of each weed species was determined through visual evaluation using a rating scale of 0 to 100% control, where 0 = no control and 100 = total control; data were pooled across species within broadleaf and grass weeds and average % control was calculated. Weed control data were then classified with ratings of poor = 20 to 
Weed Control
Annual broadleaf and grass weeds included galinsoga (Galinsoga ciliata), common lambsquarter (Chenopodium album), redroot pigweed (Amaranthus retroflexus), Pennsylvania smartweed (Polygonum pensylvanicum), common ragweed (Ambrosia artemisiifolia), barnyardgrass (Echinochloa crus-galli), crabgrass (Digitaria spp.), and giant foxtail (Setaria faberi). Weed control data are presented in Table 2 In both years, most of the WR mechanical weed control treatments resulted in good to excellent control, while NR treatments resulted in poor to fair control. Both annual broadleaf and grass weed control were generally higher each year in WR soybean treatments that included a cultivator compared to NR RH treatments. Although more rapid canopy closure in NR could result in greater weed control, NR-NWC treatments resulted in 51% control for broadleaf weeds alone or sequentially following 1 or 2 RH passes resulted in greater weed control than WR with 2 sequential RH passes. In 2002, WR RH followed by a cultivator had greater weed control than NR 2 RH pass treatments (Fig. 1) . In 2001, broadleaf weed control in all NR RH treatments was not different than that obtained in the NR-NWC treatment; in 2002 all were greater than the control. Annual grass weed control did not differ among treatments in 2001 (P = 0.1446) and were rated as fair or good to excellent. In 2002, the weed control ratings were significant (P = 0.0002). Control was similar for all treatments except NR-2 RH(1E), NR-2 RH(1L) and WR-1C(L) which were not effective in controlling grasses.
Early or later RH cultivations in NR were similarly effective, as were early or late cultivator treatments in WR. All single or sequential RH treatments resulted in 47 to 78% control of broadleaves and 33 to 83% control of grasses. This level of weed control compares to or exceeds that reported by Renner and Woods (1999) who concluded that when used at an appropriate time, a RH can reduce weed populations by as much as 70%. A cultivator, used by itself or in combination with a RH, resulted in good to excellent control of annual broadleaf weeds in both years (84 to 99% in 2001; 89 to 95% in 2002). These levels of control were better than treatments utilizing a RH once or sequentially, which resulted in poor to fair control (55% to 74% in 2001; 47 to 78% in 2002). RH effectiveness may have been reduced as weed seedlings were primarily beyond the white root stage. In addition, RH effectiveness may have been further reduced by wet weather, with rainfall during the first 3 weeks after planting totaling 5.1 inches in 2001 and 4.1 inches in 2002. Successful weed control in a NR system can also depend on the mechanical weed control equipment available. The RH used in this study was solid set rather than having independent, floating, ground-driven wheels (hoes) that follow the contours of the field. This limited the ability to control weed seedlings located in channels and contours in the field and may have influenced season long weed control.
Grain Yield
Soybean yield (Table 3) ranged from 36 to 50 bu/acre in 2001, but yields were not different among treatments (P = 0.3553). It is unclear why the WR-HWC yielded so low in 2001. Even though poor weed control ratings occurred in certain treatments in 2001, the late planting date may have reduced the weed density and competitiveness (2) . In 2002 (P < 0.0001), yields ranged from 23 to 54 bu/acre; the highest yield occurred in WR soybean with one pass of a RH and two passes of a cultivator (WR-1RH+2C). The lowest yields in 2002 were in NR with one or two passes with a RH; of these treatments, NR-1RH and NR-2RH (1E) were the same as the NR-NWC treatment. Yields were greater for all WR treatments, except the 2RH(1L) treatment, regardless if RH, cultivator or a 
Conclusions
Acceptable weed control is possible in NR organic soybean production, although WR systems allow greater flexibility in cultivation equipment and timing. However, our results suggest that WR weed control systems may provide greater yield stability than NR systems. Additional research to determine how to best integrate cultivation equipment selection, and cultivation timing and frequency in NR and WR organic soybean production is needed.
